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[57] ABSTRACT

A switch controller for a dynamic switch responds to
command from a using system to provide control sig-
nals to the dynamic switch which causes the switch to
establish and breakdown paths between sources and
destinations in the using system. The controller includes
a plurality of command registers which are temporarily
assigned to a command source for receiving command
signals, decoding said signals and providing control
signals to the switch for establishing or breaking down
a switch path. The controller may 1f desired provide an
echo to a selected destination so that proper execution
of commands may be ascertained. After the commands
are completed the control register is released for reas-
signment to another command source while an estab-
lished switch path remains intact. Thus, commands may
be received from any source for controlling the switch.

9 Claims, 8 Drawing Sheets
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1
SWITCH CONTROLLER

CROSS-REFERENCE TO RELATED
APPLICATIONS 5

This application is related to the following U.S. pa-
tent application: Ser. Nos. 682,033; 682,034; 682,035;
682,228; 682,038 all filed on even date herewith; and
Ser. No. 722,894 filed on Apr. 12, 1985. All of the above

applications are assigned to the assignee hereof. 10

BACKGROUND OF THE INVENTION

1. Field of the Invention |

The present invention relates to a switch controller
and more particularly to a controller that functions as a . 1°
command processor that responds to commands to
dynamically assign switch paths to sources and destina-
tions in a switch of the type described in U.S. patent
application Ser. No. 682,033, entitled “APPARATUS
AND METHOD FOR PROVIDING DYNAMI- 20
CALLY ASSIGNED SWITCH PATHS” U.S. Pat.
No. 4,656,626 filed on evendate herewith and assigned
to the assignee of this application.

2. Description of the Prior Art

In modern communication and data systems thereisa 25
need to rapidly and efficiently convey information be-
tween various points in the system. Such systems could
be for communicating voice, data or any other type of
information between a plurality of points which are
often referred to as ports in certain arts. Most such 30
systems require the use of the switch to selectively
connect the various ports of a system. Modern systems
must have the ability to dynamically establish and
breakdown switch paths between a plurality of ports in
response to system needs and commands. 33

In systems using PCM and TDM techniques the
switching between ports may involve both spacial
switching from port to port and time switching between
timed channels of one or more ports. As an example In
~a system having 8 ports each with 32 channels there are 40
256 sources and destinations that could require the dy-
namic assignment of switch paths.

Heretofor, a switch path would be provided for
every source with one particular source being reserved
exclusively for transmitting commands. Once a path 45
had been assigned to a source further assignment of the
path would be blocked. Thus, only a reserved source
could be used for commands to set up paths for other
sources. When it was required to set up paths for two
sources the required commands would be delayed since 50
the single reserved source could only convey a certain
amount of information and the second command would
have to be queued up for subsequent transmission.

Thus, there was a need in the prior art for a switch
controller having a command processor that could pro- 55
cess commands received from any source for establish-
ing paths between any two sources even for establishing
paths between the command source and another source
for conveying subsequent information received on the
command source. | 60

SUMMARY OF THE INVENTION

Particular needs for such dynamic switches and
switch controllers are described in U.S. patent applica-

tion Ser. No. 682,228, entitled “APPARATUS FOR 65

ESTABLISHING COMMUNICATION PATHS”
U.S. Pat. No. 4,639,910 and U.S. patent application Ser.
No. 682,038, entitled “COMMUNICATION SYS-

2
TEM”, now U.S. Pat. No. 4,638,474 both applications
filed on evendate herewith. A dynamic switch is de-
scribed in U.S. patent application Ser. No. 682,033,
entitled “APPARATUS AND METHOD FOR PRO-
VIDING DYNAMICALLY ASSIGNED SWITCH
PATHS” now U.S. Pat. No. 4,656,626 filed on evendate

herewith. The above three mentioned U.S. patent appli-
cations are incorporated herein by reference.

The dynamic switch mentioned above is achieved
through the unique use of a CAM/RAM/CAM mem-
ory array to dynamically provide space and time
switching between a plurality of sources and destina-
tions. The memory array includes a source CAM por-
tion, a destination CAM portion and a data RAM por-
tion with each row forming a word. In order to estab-
lish a path, a source address 1s stored in the source CAM
portion of a word and a destination address is stored in
the destination CAM portion of the same word.

When data is to be switched the address of the data
source is presented to the source CAM on a TDM
source address bus to address a word stored in the array
having the same source address. The data 1s then writ-
ten into the RAM portion of the addressed word from
a data bus, if a source address comparison is found. The
address of the data destination is time division multi-
plexed to the destination CAM via a destination address
bus. If the address of the data destination on the destina-
tion address bus matches a stored destination address,
the data RAM associated with the address is enabled
and data is read to the data bus for delivery to the data
destination. Means are further provided to assign and
unassign addresses to and from words in the memory
array to thereby dynamically establish switch paths.

The present invention provides a switch controller
for the previously described dynamic switch which
controller includes a command processor that is respon-
sive to commands received from a using system to pro-
vide control signals to the dynamic switch thereby
allowing the switch to establish and breakdown paths
between any of the sources and destinations in the sys-
tem and to provide a loopback to a source.

The invention uniquely allows commands to be re-
ceived from any source for assigning or unassigning a
switch path. The commands are interpreted and control
signals are provided to the dynamic switch for estab-
lishing the paths designated by the commands. Thus,
particular sources need not be designated and reserved
as command sources. More particularly, the sources and
destinations may be timed channels of a port as in TDM
applications. This greatly increases the number of

sources and destinations that can be accomodated.

- This controller is essentially a command processor
that comprises a memory array having a plurality of
rows, as for example five, each comprising CAM and
RAM portions for storing command codes, data and
addresses. Each row forms a separate command regis-
ter.

A command register may be assigned to a source
(port and channel) upon receipt of a particular coded
request arriving from the source. Because of this dy-
namic assignment, any of the sources capable of provid-
ing the particular code can become a command source
for establishing paths. Thereafter whenever the particu-
lar source assigned to a command register appears on a
data bus, the data from the source is loaded into the
command register which has been assigned to the
source. The data loaded into the command register is
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decoded to provide control signals for the switch con-
troller and the dynamic switch. This process is contin-
ued until the commands necessary to establish or break-
down a path or perform a desired function are com-
pleted at which time another coded request is transmit-
ted from the command source which causes the com-
mand register to be unassigned. The command register
may then be used by another source needing a com-

- mand register. In the meantime, the path has been estab--

lished in the dynamic switch and data may be trans-
ferred until the path is to be broken down. At which
time a new command source will be established and a
new set of commands transmitted to a command regis-

10

ter to provide the control signals for breaking down a -

previously established path. -

Thus, any source capable of sending the particular
coded request can become a command source for pro-
viding commands to establish a path for another source
or for itself. As long as a source is available, commands
may be transmitted from the source to the switch con-
troller, which will respond to the commands to set up a
path which path may include the source itself.

In cases where it 1s desirable to monitor the com-
mands that have been executed, an echo path may be
established for sending completed commands to a moni-
toring destination.

It 1s an object of the invention to provide a controller
for a dynamic switch wherein control commands may
be received from any source for establishing a commu-
nication path between another source and destination or
between itself and a destination.

It is a further object of the invention to provide a
switch controller that has the capability for sending
completed commands to a monitoring destination.

It 1s a further object of the invention to provide a
switch controller having a command processor includ-

15

20

25

30

35

ing a plurality of command registers to which command

sources are temporarily assigned while commands are
being processed to establish a switch path after which
the command register is released and the switch path
remains intact.

It 15 a further object of the invention to provide a
switch controller that may simultaneously accept and

process a plurality of commands received from any of

the system sources that transmit a unique coded request
to become a command source.

Other objects and advantages will become apparent
to those skilled in the art from the following detailed
description read in conjunction with the appended
claims and the drawings attached hereto.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a functional block diagram of the switch
controller of the present invention shown in an intended
environment.

FIG. 2 1s a schematic diagram of a RAM cell that
may be used for storing one bit of RAM data, the RAM
cell 1s shown in conjunction with a latch which may be
used to store data previously stored in the RAM cell.

FIG. 3 1s a schematic diagram of a CAM cell that

may be used for storing and comparing one bit of CAM

data.

FIG. 4 1s a schematic diagram of a read/write logic
circuit that may be used with a RAM cell as shown in
FI1G. 2.

- FIG. 5 1s a schematic diagram of a read/write logic

circuit that may be used with a CAM cell as shown in
FIG. 3.

45

50

33

65

4

FIG. 6 shows the general form of a data word struc-
ture that may used with the present invention.

FIGS. 7TA and 7B are detailed schematic diagrams of
the present invention shown in its preferred embodi-
ment.

FIG. 8 is a schematic diagram of the sort PLA de-
code logic and command timing used in the present
invention.

- FIGS. 9 through 11 are timing signal charts for vari-
ous modes of operation of the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

FIG. 1 is a functional block diagram of a switch con-
troller constructed in accordance with the present in-
vention and shown in an intended environment. The
switch controller may be used in conjunction with a
switch 10 as disclosed in U.S. patent application Ser.
No. 682,033, entitled, “APPARATUS AND
METHOD FOR PROVIDING DYNAMICALLY
ASSIGNED SWITCH PATHS” now U.S. Pat. No.
4,656,626, which is incorporated herein by reference.
The switch 10 comprises a CAM/RAM/CAM memory
array including a source CAM 12, a data RAM 14 and
a destination CAM 16. The source CAM 12 is con-
nected to a source address bus 18 for receiving and
transmitting source addresses. The destination CAM 16
i connected to a destination address bus 20 for receiv-
ing and transmitting destination addresses. The data
RAM 14 i1s connected to a TDM data bus 22.

A source address circuit 19 receives time slot signals
from a counter 101 and provides source addresses to the
source address bus 18 during selected time slots. A
destination address circuit 21 receives time slot signals
from a counter 101 and provides destination addresses
to the destination address bus 20 during selected time
slots. The timing of the addresses on the address busses
is coordinated with a TDM data bus and its connection
to the sources and destinations as shown in FIG. 9. The
source and destination address circuits contain counters
for generating the addresses.

The CAM/RAM/CAM memory array of switch 10
may have any number of word lines as for example, 72
words as used 1n a preferred embodiment. As described
in the previously mentioned patent application, the
source CAM 12 has an output S BUSY which provides
an indication such as a logic level 0 when an address
appearing at the source address bus 18 is compared with
the stored addresses and is found not to be stored in the
source CAM 12. Simuilarly, the destination CAM pro-
vides an output D BUSY at a logic level 0 when an
address appearing at the destination address bus 20 is
compared with the stored addresses and is found not to
be stored 1n the destination CAM 16. Thus, if a com-
mand requires the data RAM to either be written to or
read from a particular source or destination address and
the address is not found in the source or destination
CAMs, either the S BUSY or D BUSY outputs will be
at a logic level 0. A reject logic circuit 24 in response to
a logic level 0 signal at either S BUSY or D BUSY will
provide an output on line 100 at a logic level 1 which is
indicative of a command rejection.

The heart of the switch controller comprises a com-
mand processor having a memory array forming a num-
ber of command registers 26. Each command register
being formed in a row and comprising a plurality of
CAM and RAM portions. In the embodiment to be
described, there will be five command registers 26,
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however only the circuitry for one command register
will be shown. A data RAM portion 28 is provided for
each command register, each portion comprises 16
RAM cells for storing 16 bits of data. The data RAM
portion 28 has associated therewith a latch portion 30.
Each data RAM cell is connected to a latch. A read/-
write logic 32 is associated with all the data RAM por-
tions of the command registers. Data may be written
from or read to the TDM data bus 22 through the read/-
write logic 32. |

A source RAM portion 34 is provided for each com-
mand register and comprises eight RAM cells for stor-
ing source addresses. The source RAM portions 34 of
the command registers have associated with them
read/write logic 36 and 38. Read/write logic 36 is con-
nected to the source address bus 18 for writing and
reading addresses from and to the address bus. Read/-
write logic 38 1s connected to the TIDM data bus 22 for
writing and reading data from and to the data bus.

An assign CAM portion 40 1s provided for each com-
mand register and includes eight CAM cells. The assign
CAM portions 40 have associated therewith read/write
logic 42 and 44. Read/write logic 42 is connected to the
source address bus 18 for writing and reading addresses
from and to the bus. Read/write logic 42 is also con-
nected to an eight bit bus 46 for writing to the bus 46 an
address presented to the assign CAM portion 40 when-
ever the command reject signal 1s presented to the
read/write logic 42. Thus, the command reject signal is
provided to the read/write logic 42 as a read signal.
Read/write logic 44 is connected to the TDM data bus
22. |

An assign bit 48 1s provided for each command regis-
ter and is a single CAM cell. Read/write circuits 50 and
52 are assocted with the assign bits.

A destination RAM portion §4 comprising eight
RAM cells 1s provided for each command register. The
destination RAM portions have associated therewith
read/write logic 56 and 58. Read/write logic 56 is con-
nected to the destination address bus 20 while read/-
write logic 58 is connected to the TDM data bus 52.

A reply CAM portion 60 i1s provided for each com-
mand register and has eight CAM cells. The reply

CAM portions have associated therewith read/write

logic 62 and 64. Read/write logic 62 is connected to the
destination address bus 20 while the read/write logic 64
1s connected to the TDM data bus 22.

Finally, each command register 26 includes a control

CAM portion 66 which comprises an execute bit 68, a
sort bit 70 and a reply sort bit 72, each of which has
associated therewith a compare/write circuit 74, 76,
and 78 and write circuit 73, 75 and 77. |

The TDM data bus 22 is connected to a plurality of
input/output ports 80 through which information may
be received and transmitted. Essentially, the ports com-
prise a number of sources and destinations which may
include a number of PCM senal lines or paraliel data
buses. Each port could be receiving PCM information
in a plurality of timed channels such as 32 channels
which are repeated in what are commonly called
frames. Thus, each channel of a port could be either a
source or destination. The switch controller of the pres-
ent invention and the switch 10 shown in FIG. 1 are
uniquely adapted for use in systems as described in U.S.
patent application Ser. No. 682,228, entitled, “Appara-
tus for Establishing Communication Paths” now U.S.
Pat. No. 4,639,910 and U.S. patent application Ser. No.

10

15

20

235

30

35

45

50

55

65

6

682,038, entitled, ‘““Communication System” now U.S.
Pat. No. 4,638,474 both filed on evendate herewith.

The input/output ports 80 and more particularly the
channels thereof form sources and destinations that are
connected to the TDM data bus 22 during predeter-
mined time slots (TS), 16 time slots per channel time, in
a well known manner as described 1n the last two men-
tioned patent applications. The TDM data bus is a par-
allel bus having 16 lines, one line for each bit of data.

The data bus 22 is connected to a gate 82 which
senses the particular coded word used-to request a com-
mand register. In response to the coded word gate 82
provides a signal called Start of Packet, SOP, to AND
gates 84 and 86.

An assign priority logic circuit 88 monitors the as-
signment of the five command registers 26 to determine
which are assigned to command sources. If all five
command registers are assigned to command sources, a
command register full signal will be provided to gate
84. Thus, when gate 84 recetves a clock signal, an SOP
signal and a command register full signal, it provides an
SOP reject signal to a line 90 indicating that the SOP
signal has been rejected. Line 90 is also connected to a
read input of the read/write logic 42 associated with the
assignment CAM portion 40 so that the address of the
source requesting to become a command source is read
out on the eight bit bus 46.

The assign priority logic 88 has an output and an
input for each of the five command registers 26. The
assign priority logic provides a signal to gate 86 of the
highest prionty usassigned command register 26 so that
gate 86 in response to the signal, an SOP signal and a
CLK signal will provide a logic level 1 to a word line
extending across all of the CAM and RAM cells of the
highest priority unassigned command register 26
thereby enabling said cells to be written to or read from.
The assign bit 48 stores the status of the command regis-
ter and provides an output through a buffer 92 to assign
priority logic 88 so that the logic remains current.

The operation and response of the command register
to command signals will be discussed subsequently.
However, control of many of the operations of the
command register 26 is provided by the control CAM
66 wherein the sort, execute, and reply sort bits deter-
mine which control functions are to be carried out. The
control functions themselves have a designated priority
such that if a sort function is to be accomplished on two
or more command registers 26, the sort function will be
performed on the highest priority command register
first. Likewise, there is a priority of functions, such that
the execute function will have priority over the reply
sort function which has priority over the sort function.
Thus, a control priority logic circuit 94 is provided as
part of the comand processor with inputs from each of
the there control CAM bits for each of the command
registers through buffers 96. Control priority logic 94
provides five outputs, one to each command register
through a AND gate 98. AND gate 98 provides an
output to a word line extending to all of the CAMs and
RAM:s of its command register 26 to thereby enable the
CAMs and RAMs within that command register to be
read from or written to. The control priority logic 94
performs a dual priority determination. Firstly, estab-
lishing priority based on control function and secondly,
priority based on the command register priority. Con-
trol priority logic 94 has another output providing con-
trol function signals to a command timing circuit 97.
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- The command reject signal provided by reject logic
24 appears on line 100 and, as previously described,
functions as a read signal to read/write logic 42 so that
the address of the command source of the rejected com-
mand may be read to the eight bit bus 46. Line 100 is
‘also connected to a write input to the read/write logic
32 and to a reject code circuit 102. Reject code circuit
102 has an output connected to the TDM data bus 22

and provides a predetermined reject code signal to the

- data bus upon receipt of the command reject signal on
line 100. Simultaneously therewith the write signal to
read/write logic 32 causes the data RAM 28 to write
the special reject code so that the command register
- will retain a record that the command was rejected.
The command processor includes a sort PLA 104
connected to the TDM data bus 22 for decoding opera-
tion codes (OP CODES) received from command
sources and for providing decoded command signals.
- The sort PLA 104 receives control priority logic output
signal and time slot 13 signal. The command signals are

provided to the command timing circuit 97 which also

receirves the control priority logic output signals and is
part of the command processor.

A counter 101 receives a clock signal, CLK, from the
using system and provides time slot signals, TS, to a
timing control logic circuit 99 and the command timing
circuit 97.

The timing control logic circuit 99 provides the fol-
lowing timing signals for the control of the switch con-

troller: E COMP, C COMP, C PRG, T DSG, F DSG,

C TIME, DRD, DWR, CIRWR, CFWR, ASWR, AS
COMP and ASRD. The command timing circuit 97

provides the following timing signals for executing

commands; SWR, SRD, SDWR, SDRD, DWR, DRD,
EWR, ERD, EDWR, EDRD, EXWR0, EXWRI1,
RSWRO0, RSWR1, STWR0, STWR1, PWR, RRD
RDWR, RDRD, ICAWR and write and read signals
for switch 10.

In the particular applications mentioned in the previ-
ously referenced patent applications, the using system
may have an input/output port 80 adapted to interface
with a controlier such as a microcomputer. Such inter-
faces are disclosed in U.S. patent application Ser. Nos.
682,035 and 682,034 entitled, “Adaptive Interface for
Use With a Microcomputer’” and “Interface for Direct
Data Transfer’ respectively and filed on evendate here-
with. Such a controller could be considered an intelli-
gent source for providing commands. Of course, others
of the input/output ports 80 could also be intelligent
sources capable of providing commands and initiating
an SOP. The command reject signal provided on line
100, the SOP reject signal provided on line 90 and the
eight bit bus 46 are connected to the controller interface
port so that the controller may respond to these signals
as may be required by the using system.

The operation of the switch controller starts when a
source sends a request to become a command source by
writing onto the TDM data bus 22 a word having a
unique code. The word is essentially a command which
must be processed by the command processor function
of the switch controller. Gate responds to the unique
word by providing an SOP signal. Assuming there is an
unassigned command register, the priority logic in con-
junction with the SOP signal will enable the CAM and
RAM cells of the highest priority unassigned command
register so that the address of the source requesting to
become a command source may be written to the assign
CAM portion 40. The next time the TDM bus receives

10

15

20

25

30

35

8

data from the command source, the assign CAM por-
tion 40 will recognize the address, thereby enabling the
data RAM portion 28 and allowing the data on the
TDM bus to be written to the data RAM. Simulta-
neously, the sort bit will be written to a logic level 1.
The sort bit will generate a word line in a subsequent
time slot and allow a sort control function to be per-
formed. A sort control function is performed by reading
the data in the data RAM to the TDM data bus and
simultaneously enabling the sort PLA 104. Sort PLA
104 decodes the OP CODE bits contained in the data
RAM to determined which of the possible commands,
as for example 64 commands, was issued by the com-
mand source. In response to the decoded command
signal and timing signals the command timing circuit 97
provides a plurality of write and read control signals.
Likewise, the timing control logic circuit 99 provides
switch controller timing signals. These various signals
are used to control both the controller of the present
invention and the switch 10 in accordance with the
timing charts to be described subsequently. If the de-
coded command requires it, an execute function could
follow the sort function and after that a reply sort func-
tion.

Sort functions move data between portions of a com-
mand register. Execute functions transfer data from or
to a command register to or from the switch. The reply
sort functions read the source or destination CAMs in
the switch to the TDM data bus and then write the
addresses therefrom to the data RAM of a command
register.

Referring to FIG. 2, there is shown a schmetic dia-
gram of a RAM cell 106 as used in the data RAM por-
tton 28 and a latch cell 108 as used in the latch portion
30. RAM cell 106 includes a memory portion compris-
ing transistors 110, 112, 114, and 116 interconnected in
a standard manner. The RAM cell is a dynamic RAM
and therefore will require a refresh means. Accord-
ingly, depletion mode transistors 118 and 120 could be
provided and are connected in a standard manner to

- make the RAM static thereby eliminating the need for a

45

refresh means. Transistors 110 and 114 are connected to
a word line WL for the purpose of enabling the RAM
cell and connecting it respectively to the bit lines BL
and BL. The bit lines extend across all five command

-~ registers and connect all of the RAM cells associated
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with a particular bit of the command registers. The
RAM cell functions in the standard manner as described
in the previously referenced application entitle “Appa-
ratus and Method for Providing Dynamically Assign
Switch Paths”. The data stored in the RAM cells are
stored 1in nodes 122 and 124. |

The latch cell 108 includes an inverter 126 having an
input connected to node 124 of RAM 106. An output of
inverter 126 is connected through a transistor 128 to an
input of another inverter 130. Inverter 130 has an output
connected through a transistor 132 to bit line BL. The
output of inverter 130 is also connected to an input of an
inverter 134 which has an output connected through a
transistor 136 to the input of inverter 130. Transistor
128 i1s connected to and controlled by a reply latch
word line, RPLWL, while transistor 136 is connected
to and controlled by an inverted reply latch word line,
RPLWL. Transistor 132 is connected to and controlled
by a reply word line, RWL.

Referring to FIG. 3, there is shown the circuitry for
a standard CAM cell 138 which may be used in the
assign CAM portion 40, the reply CAM portion 60, or
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the control CAM portion 66. The standard CAM cell
comprises a RAM memory portion similar to that of

cell 106 shown in FIG. 2 and a compare portion. The

compare portion comprises serially connected transis-

tors 140 and 142 connected between ground and a com-
pare line, COMP OUT. Transistor 140 is responsive to
the signal stored at node 124 while transistor 142 1s
responsive to a signal on an address line AL. Transistors
144 and 146 are serially connected between ground and
the compare line, COMP OUT. Transistor 144 is re-
sponsive to the signal contained at node 122 while tran-
sistor 146 is responsive to a signal on address line, AL.
The CAM cell functions in a manner similar to the
CAM cells described in the previously referenced pa-
tent application with the exception that the cells in the
present invention are provided with pairs of bit lines
and address lines. Essentially, the bit lines are for writ-
ing to and reading from the RAM memory portion of
the cell while the address lines are used when a compare
function takes place.

Referring to FIG. 4, there is shown a read/write
circuit 148 that may be used to read from or write to a
bit line pair associated with RAM cells of the type
shown in FIG. 2. A plurality of circuits 148 are used in
read/write logic 36, 38, 32, 56 and 58 one circuit for
each bit line pair. Circuits 148 may also be used In
read/write logic 44 and 64. Read/write circuit 148
includes a terminal 150 for connection to a line of a bus
for receiving or lauching data from or to the bus. Ter-
minal 150 is connected to an input of an inverter 1352
which has an output connected to bit line BL through a
transistor 154. The output of inverter 132 is also con-
nected to an input of another inverter 156 which has an
~ output connected through a transistor 158 to bit line
BL. A terminal 160 is adapted to receive a write signal,
WR, which is connected to transistors 154 and 1358 to
allow data from the bus to flow to the bit lines BLL and
BL. Prior to initiating a write operation the bit lines are
conditioned by a precharge through transistors 162 and
164 which are responsive to a precharge signal, PRG,
provided on a terminal 166. The precharge signal, PRG,
on terminal 166 causes transistors 162 and 164 to turn on
and thereby provide a V ppsignal to the bit lines forcing
them to a logic level 1. In order to read the data stored
in a RAM cell the read/write circuit 148 includes a
transistor 168 connected to bit line BL, said transistor

being responsive to a read, RD, signal provided at a_

terminal 170. Transistor 168 connects the bit line BL to
an inverter 172 which has an output connected to termi-
nal 150 for providing read out data thereto. Read/write
circuit 148 operates in a manner identical to that of the
read/write circuits in the previously referenced applica-
tion.

Referring to FIG. 5, there is shown a schmetic dia-
gram of a read/write circuit 174 that may be used 1n
conjunction with CAM cells 138 shown in FIG. 3.
Circuits 174 are used in read/write logic 42, and 62 for
controlling the CAM cells. A terminal 176 1s provided
for connection to a line of a bus for writing data to a
CAM cell or reading data therefrom. Circuit 174 1n-
cludes many components similar to those shown in
circuit 148 of FIG. 4 which components have been
given the same numerical indicia and function in the
same way as those of FIG. 4. The additional compo-
nents shown in FIG. 5 include the address lines AL and
AL which are connected respectively to the outputs of
inverters 152 and 156 through transistors 178 and 180
respectively. Transistors 178 and 180 are responsive to
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a compare signal, COMP, provided at a terminal 182 for
initiating a compare operation. A transistor 184 is con-
nected between address line AL and ground while a
transistor 186 is connected between address line AL and
ground. Transistors 184 and 186 is controlled by a dis-
charge signal, DSG provided on a terminal 188. The
operation of the read/write circuit 174 is described in
the previously referenced patent application. The only
difference in the circuit 174 shown in FIG. § is that
function is accomplished using address lines AL and
AL while reading and writing are accomplished using
bit lines BL and BL as opposed to the circuit described
in the previously referenced application wherein read-
ing, writing and comparing are all done on the bit lines.
Referring to FIG. 6 there is shown the structure and
format of the words used in the present invention. As
previously mentioned, the TDM data bus is a parallel
bus comprising 16 lines. Thus, each data word com-
prises 16 bits identified in FIG. 6 as bits 0-F. Bits 0-7 are
considered the lower byte of the word and contain
address information or instructions as indicated by the
letters d. The upper byte of the word containing bits
8-F include protocol bits E and F and operation code
bites 8-D identified by the letter i. As previously men-
tioned, the start of packet word, SOP, may only be sent
from an intelligent terminal that may become a com-
mand source. The start of packet word will contain 16
bits with one of the protocol bits, normally bit E con-
taining a logic level 1. The address bits 0-7 are normally
provided to the assign CAM portion 40, the source
RAM portion 34, the destination RAM portion 54, and
the reply CAM portion 60, each of which have the
ability to store 8 bits of address information. The data
RAM portion 28 has the ability to store the entire 16 bit
word. The sort PLA 104 is designed to decode bits 8
through D which are the operational code bits.
Referring to FIG. 7 there is shown a detailed sche--

matic diagram of a command register 26. The assign

priority logic 88 is an array of five rows and columns
one row and column being associated with each of the
five command registers. Five columns are shown but
only two rows. Column 190 represents the highest pri-
ority command register and is connected to an input of
the AND gate 86 which also receives a clock signal,
CLK, and the start of packet signal, SOP. The remain-
ing columns 192 are connected to lower priority com-
mand registers as illustrated by the portion of the draw-
ing identified as next command register. The rows asso-
ciated with each command register comprise a plurality
of transistors connected between the columns and
ground and controlled by outputs from inverters 194
and 196. For the first or highest priority command reg-
ister the transistor 198 is connected to column 190 and
is controlled by an output from inverter 196, transistors
200 are connected to the remaining columns 192 and are

controlled by the output of inverter 194. The columns

are connected to Vpp through depletion mode transis-
tors that function to charge the columns to a logic level
1.

The output of AND gate 86 is connected to a word
line 202 that extends across all CAMS and RAMS of the
command register. Assign bit 48 is a CAM cell con-
structed in accordance with the schematic shown in
FIG. 3 wherein the word line WL is line 202 and the
compare output COMP OUT 1s connected to a com-
pare line 204, The address lines and bit lines of the as-
sign bit 48 are connected to a read/write circuit 30.
Circuit 50 comprises transistors 206 and 208 which are
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used to write a logic level 1 to the assign bit of any
command register that is enabled by having a logic level
1 on its word line 202. Transistors 206 and 208 are re-
sponsive to a signal CIWR for writing the logic level 1
to the assign bit. Transistors 210 and 212 are connected
to the address lines for initiating a compare operation
with a logic level 1; in response to a CFWR signal.
Read/write circuit 52 comprises transistors 214 and 216

which are responsive to a signal ICAWR for writing a

logic level 0 to all enabled assign bits which is also used
to unassign a command register.

Prior to initiating a compare operation the compare
line 204 must be precharged to a logic level 1 and this is
accomplished by transtor 218 which is responsive to a
signal FDSG. The compare line 204 is connected to the
input of inverter 194 through transistor 220 which is
responsive to clock signal, CLK, for connecting the
compare line to inverter 194. |

When a source seeks to become a command source
and have a command register 26 assigned to it the
source generates the unique coded signal which is de-
coded by gate 82, shown in FIG. 1, which in turn pro-
vides the start of packet signal, SOP. The first step in
assigning a command register to a source is to do a
compare operation on all of the assign bits of the five
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command registers by comparing the stored bit against -

a logic level 1. For registers that are assigned and have
the assign bit written to a logic level 1 the compare line
204 will remain at a logic level 1 while for those regis-
ters that are unassigned the compare line 204 will drop
to a logic level 0. Transistor 220 in response to a clock
signal will connect compare line 204 to inverter 194.
Prior to receiving the clock signal all of the columns
190 and 192 will be driven to a logic level 1 due to the
depletion mode transistors which are connected to
V pp if transistors 198 and 200 are off. If the first com-
mand register shown in FIG. 7 should compare and
provide a logic level 1 signal at the compare line 204
transistor 198 will be turned on causing column 190 to
drop to a logic level 0 while the other transistors 200 for

that row will remain off. If the next command register

were not assigned the transistor 198 for that register
would remain off while the transistors 200 would turn
on driving those columns, to logic level 0. Thus, only
- the column for the highest priority command register
that is unassigned will remain at a logic level 1.
Assuming that the assign bit for the first command

register 1s at a logic level 0 indicating that it is not as-

signed, column 190 would remain at logic level 1 while
columns 192 would be driven to logic level 0. Subse-
quent to the compare operation the SOP signal would
be provided to AND gate 86 and at the next clock pulse
word line 202 would be provided with a logic level 1
signal thereby enabling all of the CAMS and RAMS of
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provide a logic level 1 output identified as command
registers full, CR FULL. The CR FULL signal along
with a clock signal and the SOP signal are provided to
AND gate 84 which in response thereto provides an
SOP reject signal indicating that the start of packet
request of the requesting source was rejected.

Assign CAM portion 40 1s constructed from CAM
cells as shown in FIG. 3 and is connected to word line
202 and to a compare line 224. The bit lines of the RAM
cells of assign CAM 40 are connected to read/write
logic 42 which contains circuits identical to those
shown in FIG. §. Logic 42 1s connected to the source
address bus 18. Logic 42 receives signals ASWR,
ASRD and ASCOMP. The bit lines are also connected
to read/write logic 44 which contains circuits identical
to the circuit of FIG. 4 and is connected to the data bus
22. Logic 44 receives read/write signals ADWR and
ADRD.

Eight outputs are provided to the 8 bit bus 46 from
assign CAM 40. Only one is shown for purposes of
simplicity. A transistor 226, which is responsive to the
command signal on line 100 is connected between bit
line reject BL and an input of a NOR gate 228. NOR
gate 228 has another input connected to the bit line BL
through a transistor 230 which is responsive to the SOP
reject signal on line 90. The output of NOR gate 228 is
connected to a line of the 8 bit bus 46.

A buffer 232 1s connected between compare lines 204
and 224 for 1solating compare line 204 from line 224. A
transistor 234 is connected between Vpp and compare
line 224 and is responsive to signal FDSG for precharg-
ing compare line 224.

Thus, the assign CAM 40 stores 8 bit addresses which
may be written from or read to the data bus 22 through
read/write logic 44. In addition the assign CAM may
store addresses that are written from or read to the
source address bus through read/write logic 42. A com-
pare operation on the assign CAM 40 is accomplished
through read/write logic 42 and the comparison is
made through the address lines in response to AS-
COMP.

An AND gate 236 is connected between compare
line 224 and word line 202 with an input being con-
nected to the compare line and an output connected to
the word line. In addition, AND gate 236 has an input
connected to clock, CLK. AND gate 236 functions to
provide a logic level 1 signal to the word line 202 when
a compare operation 1s done in the assign CAM 40 and
a comparison is found providing a logic level 1 signal on
the compare line 224. Compare line 224 is also con-
nected to an input of an AND gate 238 which has an-
other input connected to an inverted clock signal, CLK.
The output of AND gate 238 provides a signal RPLWL
which is provided to an input of an inverter 240 which

the register. When word line 202 is written to a logic 55 provides an output RPLWL.

level 1 signal CIWR will be provided to the read/write
circuit §0 to wnite a logic level 1 to assign bit 48 thereby
indicating that its command register is now assigned. At
the same time that a 1 is written to the assign bit the

address of the new command source is written to the

assign CAM portion 40 by the read/write logic 42 from
the source address bus 18.

Assuming that in the initial compare operation it was
discovered that all five command registers 26 were
assigned then all five columns of the assigned priority
logic 88 would be driven to a logic level 0. The columns
of the assign priority logic 88 are connected to a NOR
gate 222 which in response to all logic level 0 inputs will

Source RAM 34 contains eight RAM cells con-
structed as shown in the memory portion 106 of FIG. 2.

. The bit lines for the RAM cells extend to read/write

65

logic 36 containing circuits as shown in FIG. 4. Logic
36 1s connected to the source address bus 18 and also
receives read/write signals SRD and SWR. The bit
lines of each source RAM cell also extend across the
corresponding RAM cells of each command register to
a read/write logic 38. Logic 38 contains circuits as

shown in FIG. 4 and is connected to the data bus 22 and

receives read/write signals SDRD and SDWR. The
source RAM merely functions to store 8 bit addresses
which may be written from or read to either the source
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address bus 18 or the data bus 22. The cells of the source
RAM portion 34 are connected to word line 202 and are
enabled thereby. |

The data RAM portion 28 and latch portion 30 con-
tain 16 data RAM and latch cells as shown in FIG. 2
with the RAM cells being connected to word line 202
and the bit lines extending to read/write logic 32 which
includes circuits constructed as shown in FIG. 4.
Read/write logic 32 is connected to data bus 22 and

recerves control signals DWR and DRD. The cells of 10

the latch portion 30 are connected to receive the
RPLWL signal, the RPLWL signal and a RWL signal
the derivation of which will be described subsequently.

The read/write logic 32 allows the data RAM por-
tion 28 to write from or read to the data bus. The latch
portion 30 allows a bit that is stored in the memory cell
portion 106 to be stored in the latch portion 108 upon
receipt of a RPLWL signal and a RPLWL signal which
1s provided in response a compare signal on compare
line 224. The data stored in the latch portion 30 may be
read out to bit line BL when RWL is at a logic level 1
thereby allowing signals to be read to the data bus from
both the data RAM 28 and the latch portion 30 when
appropriate commands are provided.

The destination RAM portion 54 includes eight RAM
cells for each command register, each RAM cell being
constructed as the memory cell portion 106 of FIG. 2.
The memory cells 106 are connected to word line 202
and to pairs of bit lines that are connected to read/write
logic 56 and 58 which include circuits constructed as
shown in FIG. 4. Read/write logic 56 is connected to
the destination address bus 20 and receives control sig-
nal RWR and RRD whereas read/write logic 58 is
connected to the data bus 22 and receives control sig-
nals RDWR and RDRD.

Reply CAM 60 includes for each command register
eight CAM cells constructed as shown in FIG. 3 each
of which are connected to a word line 202 and are
connected to pairs of bit lines and address lines. The
pairs of bit lines and address lines are connected to a
read/write logic 62 having circuits constructed in ac-
cordance with FIG. § connected to the destination
address bus 20 and receiving control signals EWR,
ERD and ECOMP. The pairs of bit lines are also con-
nected to a read/write logic 64 having circuits con-
structed in accordance with FIG. 4 connected to data
bus 22 and receiving control signals EDWR and
EDRD. The compare output COMP OUT lines of the
CAM cells are connected to a compare line 242 which
1s connected to an input of an AND gate 244. AND gate
244 has another input connected to clock signal, CLK,
and provides at its output the RWL signal. A transistor
246 is connected between the compare line 242 and
V pp and 1s responsive to signal TDSG for precharging
the compare line 242.

Thus, when a compare operation is performed in the
reply CAM 60 between the address lines and the stored
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data the resulting compare signal is provided to gate 244

which provides the RWL signal to the latch portion 30
thereby allowing the data in the latch to be read to the
data bus 22. Addresses may be written to and read from
the reply CAM portion 60 through read/write logic 62
and 64.

The execute bit 68, reply sort bit 72 and sort bit 70 are
formed of CAM cells with one of each provided in each
command register 26. Each bit is connected to the word
line 202 and is enabled thereby when the word line is at
a logic level 1. The sort CAM has a pair of bit lines

14

connected at one end to a write circuit 75 and at the
other end to a compare/write circuit 76. Write circuit
75 comprises transistors 246 and 248 connected respec-
tively to ground and Vpp and responsive to a signal
STWRI1 for writing a logic level 1 to the sort CAM 70.
The compare/write circuit 76 comprises transistors 250
and 252 connecting the bit lines BL. and BL respectively
to Vppand ground. Transistors 250 and 252 are respon-
sive to a signal STWRO to write the sort CAM 70 to a
logic level 0. Compare/write circuit 76 also includes
transistors 254 and 256 which connect the address lines
AL and AL to ground and V pp respectively and are
responsive to a signal C COMP which causes the sort
CAM to perform a compare operation with a logic level
1 signal. Sort CAM 70 has a compare output line 258
which is precharged by a transistor 260 which is respon-
sive to signal C PRG. Compare output line 258 provides

~a C COMP OUT signal.

The reply sort CAM 72 has its pair of bit lines and
address lines connected to a compare/write circuit 78.
The bit lines of the reply sort CAM cells 72 are con-
nected to write circuit 77 which comprises transistors
262 and 264 for connecting the bit lines BL. and BL to
ground and Vpp respectively, said transistors being
responsive to a signal RSWRI1 for writing the reply sort
CAM cells to a logic level 1. The bit lines are also con-
nected to transistors 266 and 268 in compare/write
circuit 78 for connecting the bit lines BL and BL to
Vpp and ground respectively, said transistors being
responsive to a signal RSWRO for writing the reply sort
CAMs to a logic level 0. The address lines AL and AL
are connected respectively to transistors 270 and 272 for
connecting the address lines AL and AL respectively to
ground and V pp in response to signal C COMP which
Initiates a compare operation with a logic level 1. Reply
sort CAM 72 has a compare output line 274 which is
precharged to a logic level 1 by transistor 276 in re-
sponse to signal CPRG. Compare output line 274 pro-
vides a C COMP OUT sugnal

Execute CAM 68 has a pair of bit lines connected to
a compare/write circuit 74 at one end and a write cir-
cuit 73 at another end. Write circuit 73 comprises tran-
sistors 278 and 280 for connecting the bit lines BL and
BL respectively to ground and Vpp. Transistors 278
and 280 are responsive to a signal EXWR1 for writing
the execute CAM cells to a logic level 1. The compare/-
write circuit 74 includes transistors 282 and 284 for
connecting bit lines BLL and BL to Vpp and ground
respectively. Transistors 282 and 284 are responsive to
a signal EXWRO0 for writing the execute CAM cells to
a logic level 0. The address lines AL and AL are con-
nected respectively to transistors 286 and 288 which
connect the address lines to ground and Vpp respec-
tively. Transistors 286 and 288 are responsive to signal
C COMP to initiate a compare operation wherein the
execute CAM cells are compared with a logic level 1
signal. The execute CAM 68 has a compare output line
290 which is precharged to a logic level 1 signal by a

- transistor 292 which is responsive to signal CPRG.
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Compare output line 290 provides a C COMP OUT
signal.

Compare output lines 299, 274 and 258 are connected
respectively to inputs of buffers 296, 298 and 300
through transistors 294 which are responsive to signal C
COMP. Bufters 296, 298 and 300 represent in detail the
buffer 96 shown in the block diagram of FIG. 1 and
connect the compare output lines to the control priority
logic 9%4.
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As previously mentioned, the control priority logic

94 first establishes priority by control function and

thereafter by command register priority. The control
function priority is established by three columns: 302
assigned to the sort control function, 304 assigned to the
reply sort control function and 306 assigned to the exe-
cute control function. The columns extend across all
five command registers and are maintained at a logic
level 1 through the use of Vpp and depletion mode
transistors when transistors 326 and 328 are off. Transis-
tors 308, 310 and 312 are connected to columns 302,
304, 306 respectively and function to drive the columns
to a logic level 0 by connection to ground in response to
a logic level 1 compare output signal, C COMP OUT
on compare output lines 258, 274 and 290 respectively.
Thus, the columns will be driven to a logic level 0 if
their respective command CAMs provide a compare
output at logic level 1.

‘The columns are connected at one end to control
function logic circuitry comprising an inverter 301, a
NOR gate 303 and a NOR gate 305. Column 306 as-
signed to the execute function is connected to inverter
301 which provides an EXECUTE output at a logic
level 1 when any execute CAM 68 provides a compare
output. NOR gate 303 has inputs connected to column
304 and the output of inverter 301 and provides a
REPLY SORT output at a logic level 1 only when a

reply sort CAM compares and the execute command

output 1s at a logic level 0. NOR gate 305 has three
inputs namely column 302, the output of inverter 301
and the output of NOR gate 303 and provides a logic
level 1 output as a SORT output when a sort CAM
compares and reply sort output and execute output are
both at a logic level 0.

An AND gate 314 has inputs connected to buffer 300
and the columns 304 and 306 and provides an output to
an mput of a NOR gate 318. An AND gate 316 has
inputs connected to buffer 298 and column 306 and has
an output connected to an input of NOR gate 318. NOR
gate 318 has an additional input connected to the buffer
296. NOR gate 318 has an output connected to inverter
320. The command register priority portion of the con-
trol priority logic 94 comprises an array of five columns
and five rows corresponding to the number of com-
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mand registers 26. The array comprises a plurality of 45

columns 322 and 324, column 322 corresponding to the
highest priority command register and the columns 324
to the lower priority command registers. Using Vpp
and depletion mode transistors at one end of each col-
umn, the columns are maintained at a logic level 1 when
they are not driven to a logic level 0 by transistors used
In the array. The rows are associated with the command
registers and each row comprises a transistor 326 which
1s connected to a column associated with the command
register of the row while transistors 328 are connected

to the columns associated with the lower priority com-

mand registers. Transistor 326 is responsive to a logic
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level 1 signal from the NOR gate 318 to drive the col-

umn associated with its command register to a logic
level 0 while the transistors 328 are controlled by the
output of inverter 320 and are responsive to a logic level
1 therefrom to drive the columns associated with all
lower priority command registers to logic level 0. Thus,
for control purposes the highest priority command reg-
1ster having a logic level 1 signal at the output of in-
verter 320 will have its column at a logic level 1.
AND gate 98 has an input connected to the column
assoclated with its control register and additional inputs
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connected to receive a C TIME signal and a clock
signal, CLK. The output of gate 98 is connected to
word line 202. Thus, if the column associated with any
command register is at a logic level 1 during both C
TIME and CLK, gate 98 will provide a logic level 1
signal to word line 202 thereby enabling the CAMs and
RAMs of the command register.

Referring to FIG. 8 there is shown a sample of the
circuitry that may be included in the sort PLA 104 and
the command timing circuit 97.

As previously mentioned, the sort PLA 104 is con-
nected to the data bus 22 for receiving bits 8 through D
of the data word which bits include the operational
code designating the command that is being issued to
the switch controller. Sort PLA includes a latch circuit
330 having a gate 331 for receiving the SORT signal
and a time slot 13 signal. The bits are clocked into a
latch circuit 330 at time slot 13 if a sort is being done and
are stored therein. Each of the operation code bits ap-
pear at an output of the latch 330 as the bit and an in-
verted bit. Thus, latch 330 provides 12 output lines 332.
Lines 332 are intercepted by a plurality of columns 334
to form a matrix. The number of columns 334 corre-
sponds to the number of commands that may be exe-
cuted by the switch controller. The columns are main-

‘tained at a logic level 1 by Vppand the depletion mode

transistors formed at one end of the columns when the
columns are not driven to logic level 0 by transistors in
the matrix. Transistors indicated by a diagonal line are
disposed throughout the matrix at selected intersections
of rows and columns for the purpose of decoding the
coded operational commands provided by bits 8
through D. Thus, for each command presented to the
sort PLA only one column 334 will remain at a logic
level 1 to thereby identify the particular command that
1S to be executed.

The columns 334 extend across another set of rows
338 and form another matrix therewith. Rows 338 each
correspond to a read or write signal used in the Switch
Controller and Switch to execute a command. Six addi-
tional columns, 340, 341, 342, 343, 344 and 345 are pro-
vided. Columns 340, 341 and 342 are connected respec-
tively to function outputs SORT, REPLY SORT and
EXECUTE of FIG. 7 which are driven to a logic level
1 if a compare output C COMP OUT is provided on
their associated CAM cells. Columns 343, 344 and 345
are connected to time slot signals TS13, TS14 and TS15
respectively. The rows 338 are charged to a logic level
1 by Vppand the depletion mode transistors connected
thereto when transistors 346 are off. Transistors 346 are
disposed throughout the matrix so that selected rows
338 will be driven down to a logic level 0 depending
upon which command is decoded. An inverter 348 is
disposed in each row 338 to convert the logic level 0 to
logic level 1 in the selected rows. Columns 340 to 345
intercept the rows to form another matrix for control-
ling the timing for the various read and write signals
required for execution of the decoded commands. In-
verters 350 are disposed between inputs of the columns
340 to 345 and the matrix. Transistors 352 are disposed
at intersections of the matrix to determine the timing of
each read and write signal. As for example, an output
354 will provide a logic level 1 signal during time slot 13
when a sort function is being performed. Qutput 356
will provide a logic level 1 signal during time slot 14
when a reply sort function is being performed. In like
manner, output 358 will provide a logic level 1 signal
during time slot 14 when an execute function is being
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performed. Thus, the various outputs of command tim-
ing circuit 97 provide all of the read and write control
signals previously mentioned during the proper time
slots when designated control functions are being per-
formed.

In the previously referred to application entitled
“Apparatus and Method for Providing Dynamically
Assigned Switch Paths” it is shown how the switch 10
may be operated in cycles of 16 time slots, TS, num-
 bered 0 to 15. The present invention is also operated in
cycles of 16 time slots which are controlled by counter
101 which receives a clock signal, CLK, from the using
system. The 16 time slots fill a single channel time and
there are 32 channels per frame as previously discussed.

Referring to FIG. 9 there is shown the relative timing
of various signals used for controlling the switch con-
troller. The timing arrangement as shown in F1G. 9
allows for connection to five sources S1 to S5 and six
destinations, D1 to D6 which sources and destinations
may be physical input/output ports such as ports 80
shown in FIG. 1 or may be ports and channels as in a
PCM link. During a channel time of 16 time slots as
shown in FIG. 9, the TDM data bus is accessed to the
sources and destinations during time slots 2 through 12
during which the input/output ports 80 are strobed by
the TS signal to cause the port to launch or receive data

to or from the data bus. It is during one of the time slots
when a source accesses the data bus that the unique

coded word requesting that a source become a com-
mand source is presented to the gate 82 which in re-
sponse thereto provides the SOP signal shown as being
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cross-hatched in FIG. 9 indicating that it may or may

not be present depended upon whether the unique code
is recognized in one of the source time slots.

Prior to a source being connected to the TDM data
bus the assign bit is compared with a logic level 1 signal
which comparison is initiated by a CFWR signal. This
compare operation will update the assign priority logic
circuit and may result in the generation of a CR FULL
signal. The CR FULL signal is shown cross-hatched in
FIG. 9 indicating that the signal may or may not be at
a logic level 1 depending upon whether or not all the
command registers are assigned. If the CR FULL signal
- goes to a logic level 1 the subsequent SOP signal and a

clock signal, CLK, in time slot 3 will result in an SOP
REJECT signal.

One time slot prior to a source being connected to the

TDM data bus the source address is provided by the
source address bus and will appear at the read/write
logic 42. An ASWR signal appears at the same time as
the possible SOP REJECT signal and therefore writes
the source address from the source address bus to the bit
lines of the assign CAM 40. The signals on the bit lines
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are then read to the 8 bit bus as a result of the SOP

REJECT signal on transistor 230.

If the command registers are not all assigned and no
SOP REJECT signal is generated, the SOP and the
clock signal will occur simultaneously generating a
logic level 1 word line signal, WL, on word line 202 of
the highest priority unassigned command register. This
word line will enable all of the CAMS and RAMS for
the particular control register. Simultaneously with the
word line signal, WL, and ASWR signal is provided
along with a CIWR signal. These signals cause the
assign CAM 40 to write the address from the source
 address bus indicating the source to which the com-
mand register is being assigned. The CIWR signal
causes a logic level 1 to be written to the assign bit 48
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thereby indicating assignment of the command register
to a source. The above describes the timing of the sig-
nals necessary to assign a command register to a partic-
ular source and to write the source address to the assign
CAM 40.

Assuming for example that a command register was
assigned to source S1, the address of source S1 would
be written to the assign CAM 40. During the next frame
the source address bus presents source addresses to
read/write logic 42. During time slots 2 and 3 source
address S1 will be presented and during the second half
of time slot 2 and ASCOMP signal 1s provided to read/-
write logic 42 which initiates a compare operation in the
assign CAM 40. Since the source address S1 was previ-
ously written into the assign CAM a logic level 1 com-
pare output will be provided on line 224 which will
result in the generation of a word line signal, WL, on
word line 202 through gate 236. Thus all CAM and
RAMS in the command register will be enabled. While
the CAMS and RAMS are enabled and particularly
during the second half of time slot 3 a DWR signal 1s
provided to the read/write logic 32 associated with the
data RAM allowing the information on the TDM data
bus to be written to the data RAM 28. This data will be
operated on in a manner to be described subsequently. It
should also be noted that at the same time, namely dur-
ing the second half of time slot 3 an STWRI1 signal is
provided thereby writing a logic ievel 1 to the sort
CAM 70 providing an indication that a sort control
function should take place to operate on the data stored
in the data RAM.

To illustrate the function of the reply latch portion 30
and the reply CAM 60, it should be noted that during
the second half of time slot 2 an ASCOMP signal was
provided to read/write logic 42 to initiate a compare
operation resulting in a logic level 1 being provided at
the assign CAM 40 compare output line 224. This logic
level 1 in conjunction with a clock signal during time
slot 3 resulted in a word line signal, WL, on word line
202. However, prior to the second half of time slot 3, an
RPLWL signal will be generated by gate 238 as a result
of the compare output line signal 224 and the clock
signal, CLK, appearing at gate 238. Thus, the RPLWL
and RPLWL signals are presented to latch portion 30
during the first half of time slot 3 just prior to the gener-
ation of the word line, WL. The RPLWIL and RPLWL
signals will allow the data contained in the data RAM
portion 28 to be transferred to the latch portion 30
before it is destroyed by writing new data from the data
bus which will occur during the second half of time slot
3 when WL is generated. The data stored in latch por-
tion 30 may be read out to a destination by initiating a
compare operation on the reply CAM portion 60. A
destination address is provided on the destination ad-

dress bus 20 at the same time that an ECOMP signal 1s

provided to cause the destination address to be com-
pared against the addresses stored in the reply CAM
portion 60. If a comparison is found line 242 will be
driven to a logic level 1 which is presented to an input
of gate 244. When the clock signal in time slot-2 reaches
gate 244 the RWL signal is provided causing the data in
latch portion 30 to be read to the data RAM bit line BL.
Simultaneous with the generation of the RWL signal, a
DRD signal is presented to the read/write logic 32
causing the signal on data RAM bit line BL to be pro-
vided to the data bus 22.

The commands written into the data RAM and par-
ticularly the operation code, OP CODE, bits 8 through
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D are performed during time slots 13 through 135 of the

various succeeding channels. In FIG. 9 1t should be

noted that a signal C TIME is generated during time
slots 13 through 18 and this signal i1s provided to gate 98
to allow the generation of a word line for the highest
priority command register having the highest priority
“function to be performed. During the first half of time
slot 13 a CPRG signal is provided for precharging the
compare output lines of the three control CAMS,
namely the execute CAM, the reply sort CAM, and the
sort CAM. After precharging, a C COMP signal is
provided during the second half of time slot 13 to each
of the control CAMS to perform a compare operation
with a logic level 1 signal to determine which CAMS
have been written to a logic level 1. The compare out-
put lines will generate a C COMP OUT signal at logic
level 1 if the associated CAM was written to a logic
level 1. As a result of this compare operation, the con-
trol priority logic 94 will provide a SORT, REPLY
SORT or EXECUTE function output for the highest
priority function for which a control CAM had been
written to logic level 1 for any of the five command
registers. Gates 98 will provide a logic level 1 output to
the word line 202 of the highest priority command
register that is awaiting the highest priority control
function operation.

F1G. 10 illustrates the timing for the accomplishment
of a sort or a reply sort function. Prior to the compare
operation the CPRG signal causes the compare output
“line to go to a logic level 1 during the first half of time
slot 13. During the second half of time slot 13 the com-
pare operation takes place and if a comparison is found
the compare output line remains at at logic level 1

whereas if no comparison is found it drops to logic level

0 as indicated by the cross-hatched portion of the C

COMP OUT signal in FIG. 10. The C COMP OUT

signal is processed through the control priority logic 94
and results in a clocked word line signal WL during the
second half of time slots 13 through 15. A DRD signal
is provided during the second half of time slot 13 which
coincides with the first word line, WL, from gate 98 to
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thereby read data from the data RAM portion 28 to the

TDM data bus. Latch 330 is strobed in time slot 13 to
receive the OP CODE bits 8 through D which are
processed by the sort PLA and decoded resulting in
timed read and write control signals. During the second
half of time slot 14 some portion of the command regis-
ter is read in response to a read signal depending on the
command decoded by the sort PLLA. The read signals
that may be provided at this time are: ADRD, SDRD,
DRD, RDRD and EDRD which will result in the
reading of data to the data bus from one of the five
CAM or RAM storage portions of the command regis-
ters. Simultaneously in the second half of time slot 14
one or more write command signals could be provided,
‘depending on the decoded command, to accomplish a
write operation to some part of the command register
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from the data bus and to possibly write 1's or 0’s to the

control CAMS. The write control signals that could be
provided at this time are: ADWR, SDWR, DWR,
RDWR, EDWR, EXWR1l, STWR0, RSWR0, or
ICAWR. In response to these write signals we may
write an address to the assign CAM, the source RAM,
the data RAM, the destination RAM, or the reply
CAM. We could also write a logic level 1 to the execute
CAM, indicating the need for an execute function, a
logic level 0 to the sort CAM indicating that the sort
function has been completed, a logic level @ to the reply
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sort CAM indicating a reply sort function has been
completed or a logic level 0 to the assign bit to unassign
a command register.

Referring to FIG. 11 there 1s shown the timing for an
execute function which will result if the execute CAM
68 is written to a logic level 1 as may happen during a
prior sort function. If a sort function sets the execute
CAM to logic level 1 then during the time slots 13 to 15
of the next channel the execute function will be accom-
plished. The execute function is initiated as is the sort
function by doing a precharge of the control CAMS
with signal CPRG during the first half of time slot 13.
Thereafter, in the second half of time slot 13 a C COMP
signal is provided to initiate the compare operation. If
an execute CAM is written to logic level 1 the C COMP
OUT signal will remain at a logic level 1 as opposed to
dropping to a logic level 0 as indicated by the cross-
hatched portion starting at the second half of time slot
13. This will result in the generation of a word line
signal WL during the second half of each of time siot 13
through 1§ for the highest priority command register
requiring an execute function. During the second half of
time slot 14 a read control signal 1s provided to one or
more portions of the command register to read sections
of the command register to either the source address
bus, the destination address bus, or the data bus depend-
ing on the command that is decoded by the sort PLA
during the previous channel time. The read signals that
may be provided during the second half of time slot 14
could be ASRD, SRD, DRD, RRD, or ERD. If, during

‘the second half of time slot 14, addresses are being read

from the command register to either the source or desti-
nation address buses, the switch may perform a com-
pare function in one of its CAM portions as illustrated
by the SW COMP OUT signal and if a comparison is
found a word line will be generated across the pertinent
word of the switch during the second half of time slot
15 thereby enabling the CAMS and RAMS of the
switch. Depending upon the decoded command signal
from the sort PLA, data or addresses may be read from
the command register to the switch or from the switch
to the command register during the second half of time
slot 18. If data is to be read from the command register
to the switch, the command register will receive a read
control signal such as ASRD, SRD, DRD, RRD, or
ERD during the second half of time slot 1§ while the
switch will receive a write signal at the pertinent
CAMS or RAM. If data 15 to be read from the switch to
the command register the pertinent portions of the
switch will receive a read signal in the second half of
time slot 15 while the command register will receive
any of the following write control signals ASWR,
SWR, RWR, EWR, or DWR depending upon which
portion of the command register 1s to be written to. If
the address read to the switch during the second half of
time slot 14 is not found in the switch during the com-
pare operation, a COMMAND REJECT signal 1s gen-
erated during the second half of time slot 15. If the
execute function is complete an EXWRO signal may be

generated to write the execute CAM to logic level 0,

and if a reply sort function is required an RSWR1 signal
may be provided to the reply sort CAM to write the
CAM to a logic level 1.

To summarize, a command operation is first initiated
sometime during time slots 3 to 12 of a channel when a
particular port and channel source sends a request to
become a command source. If a command register 1s
available the highest priority unaassigned command
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register is assigned to the port and channel source while
the port and channel address is written into the assign
CAM and the assign bit is written to a logic level 1.
- During the next frame when the port and channel ad-
dress appears on the source address bus and a compare
operation takes place in the assign CAM, a word line is
generated and the 16 bit word appearing on the TDM
data bus during the source port and channel address
time is written to the data RAM portion 28 and the sort
bit 70 is written to a logic level 1. This is all accom-

plished during time slots 2 through 12. During time slot

13 a compare operation on the control CAMS results in
the sort bit generating a C COMP OUT logic level 1
signal during time slots 13 through 15 in any channel
when the sort bit is written to logic level 1.

A word line WL will be generated during time slots
13 through 15 for the highest priority command register
having the highest priority function waiting to be per-
formed. During susequent channel times in time slots 13
through 18 control functions will be performed in ac-
cordance with priority based first on function priority
and then command register priority. This will continue
until the priority of the sort function and command
register is reached then a word line, WL, will be gener-
ated in the command register having the sort bit written
to 1. The OP CODE data in the data RAM is read from
the data RAM to the sort PLA which decodes the
command and generates the necessary write and read
control signals which will result in the shifting of data
within the command register such as by reading from
the data RAM and writing simultaneously to the source
RAM. When the sort function is completed the sort bit
will be written to logic level 0 and if an execute function
ts required the execute bit will be written to logic level
1 § : |

During the next channel time in time slots 13 through
15 the execute bit will cause a word line to be generated
when compared and read and write control signals will
be generated for shifting data between the command
~ register and the switch. After the execute function i1s
completed the execute bit will be written to logic level
0 and if a reply sort function is required the reply sort
bit will be written to logic level 1.

During the next channel time and during time slots 13
through 15 the reply sort function will be performed
during which data is read from one section of the com-
mand register, 1.e. source or destination RAM and is
written to the data RAM for transfer to a destination via
latch 30. When the reply sort function i1s completed the
reply sort CAM is written to logic level 0 thereby com-
pleting the entire command received by the data RAM.

During the next frame in the first half of the time slot
in which a word line would be generated as a result of
a comparison by the assign CAM between the source
address bus address and a stored address the RPLWL
signal is provided which causes the reply latch to load
the data that is in the data RAM portion 28 after which
the entire process of writing the data on the data bus to
the data RAM is repeated and the command functions
are executed. After the last required commands to prop-
erly establish a switch path are provided by the com-
mand source the assign bit is written to logic level 0
thereby unassigning the command register and the port
and channel will no longer be considered a command
source. |

To establish a switch path through switch 10 between
a particular port and channel as a source, and a particu-
lar port and channel as a destination, a port and channel
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becomes a command source and has a command regis-
ter assigned thereto as the result of an SOP. The port
and channel address is written into the assign CAM.
During the next frame a command word 1s written into
the data RAM and the sort bit is set to logic level 1. The
command is decoded which command may require that
the lower byte of the data RAM, which would include
an 8 bit address, be read to the data bus simultaneously
with the source RAM receiving a write control signal
to write the address from the data bus thus completing

- a sort function and writing the execute bit to logic level

1.

During the next channel time, the execute function is
accomplished by reading the source RAM to the source
address bus and simultaneously writing the address on
the source address bus to the source CAM 12 of the
switch, the execute bit may also be written to logic level
0. During the next frame the command word is read to
the data RAM and the sort bit is written to logic level
1. The sort function may require the lower byte of the
data RAM to be read to the data bus and simultaneously
written to the destination RAM after which an execute
function may be accomplished wherein the source
RAM is read to the source address bus while a compare
is done by the source CAM 12 to enable the switch
word having the source address. The destination RAM
is read to the destination address bus and 1s written to
the destination CAM 16 of the swtich thereby complet-
ing a path through the switch.

If it is desired to have a particular destination check
the commands that have been executed an echo path
may be established using the reply CAM 60. In order to
establish an echo path a command word is written to the
data RAM. The cor-mand word would contain an OP
CODE command to establish an echo path and the
destination address of the echo path. During a sort
function the destination address would be written to the
reply CAM. In subsequent frames when the destination
address appears on the destination address bus the reply
CAM will compare and a RWL signal will be generated
which will cause the latch portion 30 to read to the
TDM data bus the command word that was stored in
the data RAM during the previous frame. At the same
time that the latch portion 30 reads to the TDM data
bus the TDM data bus will read to the addressed desti-
nation. Thus, the destination can check the command
that was executed. In the event that a COMMAND
REJECT had taken place the reject code would be read
out to the destination.

From the above it is clear that many different types of
commands could be provided for shifting addresses in
various ways to establish and breakdown paths in the
switch 10. A reply or echo path may be established to
ascertain whether a command was properly executed.
Many different functions may be accomplished with the
switch controller which has considerable flexibility so
that the full benefit of a dynamic switch may be real-
1zed.

While the invention has been described as a switch
controller, it should be apparent to one skilled in the art
that it may be used as a command processor used to
execute commands and direct instructions to locations
designated by the commands. The addresses that are
shifted around by the present invention are in a true
sense instructions. Thus, the invention may be used to
direct instructions to remote destinations.
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Thus, the scope of the invention should only be lim-
ited by the claims appended hereto and not by the above
description of a particular embodiment.

What 1s claimed is:

1. An apparatus for controlling a communication
switch of the type having a plurality of ports for receiv-
ing and transmitting information in channels, each of
said channels having a distinct address, a data bus con-

5

necting said ports to a switch means for establishing

connections between channels whose addresses are
stored 1n the switch means, commands for establishing
or breaking down connections between channels are
provided on any channel, said commands being pro-
vided in a series of separate command words said series
including a first command word requesting that the
channel become a command source and subsequent
command words each including a coded command
portion and an address portion, said control apparatus
comprising: |
a command register including a data RAM, on assign
CAM, a source RAM and a destination RAM each
being connected to the data bus;
means connected to said data bus, responsive to a first
command word received from any channel re-
questing that the channel become a command
source, for assigning the command register to said
channel, for writing the channel address to the
assign CAM and for wrnting the first command
word to the data RAM; |
first means for sequentially generating channel ad-
dresses:
source address bus means interconnecting said assign
CAM, said source RAM, said switch means and
sald channel address generating means, said chan-
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nel addresses being generated in timed relation to -

said channel being accessed to the data bus, said
assign CAM comparing the stored channel address
with the address received from the source address

~ bus and in response to a comparison, enabling the
data RAM to write the next command word from
the channel having its address stored;

means for decoding said coded command portion of
the command word stored in the data RAM, said
decoding means generating control signals in re-
sponse to said decoded command portion, selected
ones of said control signals being provided to said
switch means; and

means, responsive to said control signals, for execut-
ing the decoded command portion by transferring
said address portion of the command word from
said data RAM in said command register to said
switch means whereby said address portion is
stored in the switch means as an address of a chan-
nel to be connected by said switch means to an-
other addressed channel.

2. An apparatus as described in claim 1, wherein said

means for executing includes means for transferring
addresses within the control register.

3. An apparatus as described in claim 1, additionally
comprising:
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a plurality of command registers each assigned a

priority; and

means for assigning the highest priority available

command register to a channel seeking to become a
command source.

4. An apparatus as described in claim 3, wherein the
means for decoding includes means for sequentially
decoding command words in said command registers in
order of priority of the command register in which the
word is stored.

5. An apparatus as described in claim 4, additionally
comprising means for inhibiting the decoding means
from decoding a new command portion until the previ-
ously decoded command portion is fully executed.

6. An apparatus as described in claim 1, wherein said
coded command portion may require execution of a
number of different types of control functions in an
order determined by the command portion, said decod-
ing means additionally including means for generating
sald control signals in the order in which the control
functions are to be executed.

7. An apparatus as described in claim 6, additionally
comprising means for inhibiting the decoding means
from decoding a new command portion until the previ-
ously decoded command portion is fully executed.

8. An apparatus as described in claim 6, wherein the
means for generating said control signals in the order in
which the control functions are to be executed includes
a CAM for each type of control function and logic
circuitry for gating said control signals for the function
type to be executed.

9. An apparatus as described in claim 1, additionally
comprising: |

a reply CAM included in said command register, said

reply CAM being adapted to store a channel ad-
dress to which a previously executed command
word 1s to be sent; .

second means for sequentially destination channel

addresses;

destination address bus means interconnecting said

reply CAM, said destination RAM, said switch
means and said second channel address generating
means, sald destination channel addresses being
generated 1n timed relation to said channel being
accessed to the data bus;

latch means associated with the data RAM for storing

data contained 1n the data RAM;

means, responsive to an output from said assign CAM

indicating that a new command word is to be re-
ceived, for reading the command word in the data
RAM to the latch means so that the latch means
stores the previously executed command word,
said reply CAM being responsive to a comparison
between an address generated by the second ad-
dress generating means and a stored channel ad-
dress for providing an output to the latch means,
whereby the latch means reads the command word
stored therein to the TDM data bus which reads

the command word to the channel address stored
in the reply CAM. |
%
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